Abstract: A geochemical database for the basement rocks of the Japanese islands has been constructed. These data were previously published in Japanese domestic journals and bulletins not readily accessible to the international community. The database includes samples from articles, and provides major and trace element concentrations, isotopic ratios, geographical coordinates (latitude, longitude, and altitude) of sampling points, and geological and lithological information. These data are provided in a unified and consistent format as an Excel spreadsheet, which can be efficiently utilized for statistical analyses and datadriven approaches in geochemistry, geology, and petrology.
Introduction
Increasing numbers of the chemical composition, description, and location coordinates of rock samples allows the use of statistical approaches when searching for geochemical information in large databases (e.g., Iwamori et al., 2017) . Recent progress in the earth sciences has introduced a data-driven approach to manage the large volume of high-dimensional data (Igarashi et al., 2016) . It was recently found that accurate location coordinates are one of the fundamental parameters of such a statistical approach (Yoshida et al., 2018) as well as compositional and lithological data. Chemical compositions, descriptions, location coordinates, and several other kinds of metadata for rocks are now independently provided in a number of journals. Despite each journal setting a submission rule for sample metadata, published data formats used by journal publishers differ. These data have been compiled by international and domestic data compiling projects (Appendix Table 1 ). Two international projects are currently integrating published geochemical data including the location coordinates: GEOROC, provided by the Max Planck Institute for Chemistry, and PetDB, provided by EarthChem, Interdisciplinary Earth Data Alliance (IEDA). These webbased databases mostly focus on the chemical composition reports of igneous rocks published in international journals. Although a number of whole rock compositions are reported in domestic journals mostly in Japanese, many of these reports have not been published in international journals, and are inaccessible to foreign researchers. In the case of Japanese scientific communities, there is a unified data-publishing platform, the Japan Science and Technology Information Aggregator Electronic (J-STAGE) [URL1] . Furthermore, each institute has started to facilitate academic data repositories to provide data and articles online. However, accessibility for the foreign researchers seems limited because of the language in which the articles are written.
Furthermore, there is no standard data description format for the whole rock composition and lithological information of basement rocks, although the international databases GEOROC and PetDB provide the universal data format for igneous rocks.
The format of location coordinates is another problem. In many published articles, sample locations are provided in the map image style, which is unsuitable for statistical analysis and further treatment. To improve the usability of the geochemical data in the data-driven science, it is necessary to compile geochemistry, corresponding metadata, and GPS-compatible location coordinates together (Shigeno, 2008) .
Although the data compilation of volcanic rocks is well established, that of metamorphic, plutonic, and sedimentary rocks still seems to be insufficient with regard to quality and quantity. Considering this situation, we propose a standard data format and construct a geochemical database of the basement rocks of the Japanese arc with accurate location data for geochemical and geological discussions; this study aims to establish a data-compilation scheme for the database that is suitable for the data-driven approach. The geochemical database was constructed from information in articles published in Japanese. The constructed database, the Domestic Geochemical Database for International Open Science (DODAI), is available online and has become the new platform to compile this type of geochemical data for geochemical studies.
Data Compilation
Only literature published after 1980 was used in the database. This is when X-ray fluorescence (XRF) whole rock analysis instead of wet chemistry became common and the number of published whole rock composition data increased considerably. This is simply because the resources (e.g., time, manpower) for data compilation are limited, and is not to claim superiority of either methods.
The compiled geochemical data includes plutonic rocks, sedimentary rocks, and Neogene and old volcanic rocks. Because the database aims to construct a geochemical database of basement rocks, the volcanic products of Quaternary volcanoes are not included. Since a number of publications provide geochemical data in different formats based on their research interest and journal format, for the DODAI database, the data format was unified under the following criteria.
. Stratigraphic information Many articles provide stratigraphic information for samples in different categories, such as era, period, epoch, and specific ages; in the DODAI data sheets this data was listed as much as possible. However, these descriptions include geological features that change as geological interpretations progress in later studies; even strata generated in the same geological age have different names in different areas. These hierarchical differences and the use of local names in the stratigraphic information create difficulties while compiling geochemical data. To solve this problem, a stratigraphicinformation style was added, which followed the unified legend of the Seamless Digital Geological Map of Japan [URL2] .
. /Fe 3+ ratio. Trace element, such as Rb, Sr, Y, and Zr, and rare earth elements (REEs), are analyzed using XRF, instrumental neutron activation analysis (INAA), or inductively coupled plasma mass spectrometry (ICP-MS). Among these methods, XRF analysis is the most widely used method probably because of its convenience, and it is mainly used in the case of common for trace elements in high concentrations, such as Sr, Y, and Zr; ICP-MS, INAA, and both associated methods are mainly used to determine the trace content of trace elements, such as Nb, Th, U, and REEs.
The data were classified into XRF, ICP-MS, or other methods as the major classification. Since different analytical methods have different detection limits, combining data from different methods requires special care.
.
Compilation target
The collected data covered all the Japanese islands (ca. 30-46° N and 128-146° E): four main islands, Honshu, Hokkaido, Kyushu, and Shikoku, and accessory islands.
Geocoding of sample data
Geocoding of the samples was performed by extracting the latitude-longitude coordinates of the sample locations for all sample data. In the traditional format of geological articles, sample locations are generally provided by map images or sometimes simplified route maps. In the current paper, latitude-longitude coordinates for sample locations from image-based location information were extracted using Google Earth; therefore, the location coordinates are projected in the World Geodetic System 1984 (WGS84). Google Earth, a computer program that renders a 3D representation of the earth, was adapted because it easily provides altitude as well as x-y (latitude-longitude) coodinates of a given lo- cation. Sample geocoding was performed by pasting the sampling-map image from the original article onto the Google Earth map and then finding the location information in the Google Earth coordinate system. Some articles provide the sampling points only by literal information, such as the geographic direction and the stratigraphic description. Such ambiguous information was also interpreted into strict geographic information while possible. In addition, some articles do not provide detailed sampling maps. If the location information was provided by text information (e.g., on a certain forest road and 10 m north of a certain location), the specific sampling locality was deduced from available topographical and geological maps. Some articles even provide only information of the geological unit from which the samples were collected in the study area. Geocoding of such samples was only able to detect ambiguous location information. Finally, according to the accuracy of the location information, the accuracy grades were defined for the location information, as shown in Table 1 .
Data characteristics of DODAI . Characteristics of the compiled data
Currently, the DODAI compiled data includes 224 (Appendix A) articles and 5818 samples (Appendix Table 2).
The database includes various rock types, such as ultra-mafic, volcanic, intrusive, sedimentary, metamorphic, and covers from Hokkaido to Kyushu Islands. The main purpose of the database is characterization of the basement rocks of the Japanese islands, i.e., plutonic, metamorphic and sedimentary rocks. In the following description, the main lithological divisions of DODAI data are based on the sample description of each compiled articles as follows; volcanic rocks (Volcanic), plutonic rocks (Plutonic), metamorphic rocks (Metamorphic), sedimentary rocks (Sedimentary), and unconsolidated clastic sediments (Clastic). Some rocks in special occurrences are classified as small intrusive igneous body, mainly dike and sill (Intrusive), enclave materials in acidic plutonic rocks (Enclave), greenstone originated form accretionary seafloor basalts (Greenstone), and xenolith mainly originating from the mantle (Xenolith). These data were plotted basically on the geological feature structure of the geological map (Fig. 1) . Fig. 2 is a frequency diagram of SiO 2 wt% from the DODAI. This plot uses major element data normalized by 100 wt% of the total major oxides with total Fe as Fe 2 O 3 . Many volcanic rock data fall into the section of 50-60 and 70-80 wt% of SiO 2 , representing basaltic and rhyolitic characteristics, and possibly correspond to the Daly gap, which is typically observed in arc magmas (e.g., Chayes, 1963) . Plutonic rock data are divided into the category of 60-80 wt% of SiO 2 , i.e., intermediate to acidic. Some sedimentary rock data contain more than 80 wt% of SiO 2 , which is sandstone and chert. It is one of the prominent characteristics of the DODAI database and domestic science of Japan that there are many geochemical studies and chemical data of siliceous sedimentary rocks.
. Various combinations of analyzed elements in the compiled data Various combinations of analyzed elements are seen in the data collected in the DODAI, which are possibly derived from differences in factors such as analysis organizations, devices, and researchers. Table 2 extracts the number of analysis data that satisfied the conditions of the element combination. Data used in Fig. 2 are major elements with total oxides of more than 90 wt% with total Fe as Fe 2 O 3 . Constituting 87% of the data, 5058 samples, provide this kind of element combination. Rb, Sr, Y, Zr, Nb, and Ba are typical incompatible elements, and it is only possible to obtain high quality analytical data using XRF. Therefore, there are 3884 samples containing these elements, which constitute 68% of the all data. However, the number of samples containing REEs and heavy elements (Hf, Ta, Pb, Th, and U), is less than 1000. These elements are mainly analyzed using ICP-MS, INAA because of low concentration, and highly precise data are not provided using XRF. The numbers of samples analyzing Sr and Nd isotope ratios are 560 and 373, respectively, and those with both ratios is 352. There are only 43 samples from 4 articles, containing all of major elements, above-mentioned trace elements, and Sr and Nd isotope ratios (Owada et al., 2006; Shinjoe et al., 2007; Yonejima et al., 2011; Igarashi et al., 2012) .
Updating the DODAI
This paper presents the characteristics of the current version of the database and its reference list, which are available as supplementary material from J-STAGE. Further compilation and the updated database will be provided on our website (http://dsap.jamstec.go.jp/ DODAI/).
